INTRODUCTION
Basaltic volcanism, ranging in intensity from effusive to violent explosive, is the prevailing volcanic activity on Earth. Of the varieties of explosive styles shown by basaltic eruptions, ranging from Strombolian to Plinian intensities (e.g., Vergniolle and Mangan, 2000) , violent Strombolian activity (MacDonald, 1972 ) is currently being reappraised. An increasing number of past eruptive successions are being reclassifi ed as violent Strombolian (Arrighi et al., 2001; Valentine et al., 2005 Valentine et al., , 2007 Di Traglia et al., 2009) , as are recently observed events, including the A. D. 1943-1952 type eruption of Paricutín (MacDonald, 1972; Luhr and Simkin, 1993; Pioli et al., 2008) , the 1995 Cerro Negro eruption (Hill et al., 1998) , and the 2002-2003 eruption of Mount Etna (Andronico et al., 2009) . In all these geological and historical cases, violent Strombolian activity represents the peak intensity phase of eruptions lasting months to years, punctuating other lower-intensity explosive and effusive phases and producing eruptive plumes several kilometers in height with occasional small-scale column collapses, posing severe threats to inhabited areas Andronico et al., 2009) .
Similar to other high-intensity explosive phases (Rosi et al., 2006; Sable et al., 2006) , the onset of violent Strombolian activity during complex mafi c eruptions is inferred to be related to the arrival of volatile-rich magma batches (Andronico et al., 2009; Pioli et al., 2008) and/ or to changes in the rheological properties of magma, as related to microlite crystallization within the conduit (Valentine et al., 2005; Andronico et al., 2009) , conduit geometry and branching being additional controlling factors (Keating et al., 2008; Pioli et al., 2009 ). Violent Strombolian phases require relatively high magma mass fl ow and ascent velocities (Parfi tt, 2004) as well as effi cient magma fragmentation, evidenced by grain size and morphology (Andronico et al., 2009; Valentine and Gregg, 2008) . The vesicularity of violent Strombolian scoria, ranging between 50% and 70%, versus 30%-80% in Strombolian scoria (Polacci et al., 2008; Pioli et al., 2008; Di Traglia et al., 2009) , and bubble number density values intermediate between Hawaiian and Plinian products suggest relatively fast decompression of gas-rich magmas compared to lower-intensity explosive eruptions (Houghton and Gonnermann, 2008; Di Traglia et al., 2009) . Pyroclasts from violent Strombolian products are typically porphyritic with both glassy and cryptocrystalline groundmasses (e.g., Pioli et al., 2008) , interpreted to be the result of different degrees of magma crystallization within different zones of the conduit (Taddeucci et al., 2004) . Large microlite contents are expected to change the rheological behavior of basaltic magma both during conduit fl ow (Lejeune and Richet, 1995) and at fragmentation (Taddeucci et al., 2007) , ultimately controlling the eruptive style.
Here we use textural features of mingled scoria from the basaltic eruption of the Holocene Croscat complex scoria cone (Spain) to shed light on conduit fl ow conditions during the transition from Strombolian to violent Strombolian activity, potentially offering a means to forecast the onset of hazardous violent Strombolian events during ongoing eruptions.
Croscat Complex Scoria Cone
The Croscat complex scoria cone is the youngest volcano of the Garrotxa Volcanic Field and of the entire Iberian Peninsula (11 ka; Guérin et al., 1985) , and its volcanic succession provides an excellent example of highly variable activity within a single mafi c eruption. The eruption started with fi ssural Hawaiian activity (LQU; Fig. 1 ), shifted to Strombolian explosions from a central vent (UQU), and then magma interacted with a shallow aquifer system, promoting the fi rst phreatomagmatic phase (CCU). The arrival of a relatively gas-rich, more primitive magma (evidenced by trace element variations; Di Traglia et al., 2009), possibly decompressed by the preceding phreatomagmatic activity, drove three violent Strombolian phases, producing widespread tephra blankets (lower, middle, and upper CMU). The activity subsequently shifted into a second, larger phreatomagmatic phase (CBU). The eruption ended with the emission of a lava fl ow (CXL) and consequent breaching of the western side of the cone. Bubble number density values in Croscat complex scoria cone products reveal that ascent rate initially increased at the end of the Strombolian phase, became constant during the violent Strombolian phase, and fi nally decreased until the end of the eruption. Stratigraphy and erupted volumes suggest that eruption duration was in the short to average range of scoria cone eruptions (Di Traglia et al., 2009) , i.e., several months.
Texture and Composition of Mingled Scoria Clasts
We collected 14 samples representative of all tephra units from the best-exposed proximal section of the cone and analyzed thin sections of scoria lapilli under binocular, petrographic, and fi eld emission scanning electron Basaltic scoria textures from a zoned conduit as precursors to violent Strombolian activity 
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Pyroclast textures document volcanic conduit processes and may be key to hazard forecasting. Here we show that the relative abundances of mingled, variably crystallized domains in pyroclasts from scoria cone eruptions provide a record of magma ascent velocity and can be used to predict the onset of violent Strombolian activity. Scoria clasts from the Croscat complex scoria cone (Spain) ubiquitously show micrometer-to centimeter-sized, microlite-rich domains (MRD) intermingled with volumetrically dominant, microlite-poor domains (MPD). Glass and bulk composition show that MRDs formed by microlite crystallization of MPDs, the former residing longer in a relatively cooler, degassed zone lining the conduit walls, the latter traveling faster in the central, hotter streamline. MPD and MRD magmas intermingled along the interface between the two velocity zones. The proportion of MPD and MRD in different tephra layers refl ects the extent of the fast-and slow-fl owing zones, thus refl ecting the ascent velocity profi le of magma during the different phases. At Croscat, the MPD/MRD volume ratio increased rapidly during the early Strombolian activity, peaked around the Strombolian to violent Strombolian transition, and then decreased smoothly irrespective of shifts in eruptive style. We suggest that magma ascent velocity escalated during the Strombolian phase due to the buoyant push of the underlying, volatile-rich magma that was about to drive the following violent Strombolian activity. Monitoring the MPD/MRD ratio of tephra during ongoing scoria cone eruptions may reveal changes in magma fl ow conditions and could forecast the onset of hazardous violent Strombolian activity. microscope (FE-SEM) (see the GSA Data Repository 1 for methods and raw data). Scorias from all stratigraphic units, irrespective of the eruptive mechanism, show intermingling of two distinct textural domains that we term microlite-poor (MPD) and microlite-rich domains (MRD), respectively (Fig. 2) . MPDs are made up of sideromelane glass (pale yellow to brown in thin section) with abundant spherical vesicles down to a few micrometers in diameter, and include as much as 1-2 vol% of 1-50-µm-sized microlites of plagioclase, clinopyroxene, oxides, and occasional olivine. With respect to MPDs, MRDs (dark opaque and tachylite-like in thin section) are less vesicular, include larger and more irregular vesicles, and contain a signifi cantly larger fraction (15-43 vol%) of the same microlites. Microlites are mostly euhedral, with evidence of zonation in the clinopyroxene, and subordinate skeletal habits occurring in olivine and plagioclase. Phenocrysts of olivine and clinopyroxene occur equally in both domains. The two domains are commonly found intermingled in the same scoria clast, individual domains ranging in size from ~30 µm to the size of the whole clast. Domain boundaries, defi ned by a sharp (mostly <1 µm thick) transition in glass composition (highlighted by the gray tone of backscattered electron images), are mostly convoluted and show fl uidal reorientation of prolate microlites in MRDs, independent of clast or vesicle preferential orientations.
Electron microprobe and FE-SEM spot and bulk chemical analyses (see the Data Repository) of MPDs and MRDs show that interstitial glasses in MRDs follow a clear differentiation trend, the MPD counterparts representing the most primitive extremity. Notably, MRD bulk composition is comparable (within analytical error) to that of adjoined MPD glass (Fig. 2) .
In order to obtain a fast and accurate measure of the relative abundance of MPDs and MRDs upsection in the Croscat deposits, we classifi ed 2-4 mm particles as MR (microlite rich) or MP (microlite poor) on the basis of their prevailing groundmass texture under petrographic microscope (see the Data Repository). The results (Fig. 3) show a smooth trend, with a rapid increase of the MPD/MRD volume ratio within the Strombolian deposit, a peak around the transition to violent Strombolian ones, and a gradual decrease upsection, with no major changes corresponding to shifts in eruptive style (e.g., the magmatic-phreatomagmatic transition). 
INTERPRETATION AND CONCLUSIONS

Conduit Flow Dynamics During Complex Explosive Basaltic Eruptions
The clear differentiation trend of interstitial MRD glasses, the chemical homogeneity of MRD bulk and MPD interstitial glass compositions, and the occurrence of an identical phenocrysts assemblage, reveal that MPDs and MRDs represent portions of the same magma that underwent different degrees of microlite crystallization. Microlite abundance and vesicle abundance and shape (e.g., Mangan and Cashman, 1996) suggest a longer conduit residence time of MRDs with respect to MPDs. Horizontal velocity gradients within conduits were already postulated to generate magma zoning during mafi c explosive activity with respect to both vesicularity (Lautze and Houghton, 2005) and microlite crystallization patterns (Taddeucci et al., 2004) . We hypothesize that MRDs resided longer in a relatively cooler zone lining the conduit margins, where degassing was also favored, while MPDs traveled faster in a hotter environment along the central streamline of the conduit. Groundmass textures thus would outline horizontal velocity gradients, averaged over the length of the MRD-forming zone of the conduit. We note that, in the Croscat complex scoria cone case, such gradients persisted throughout the eruption.
The mingling of MPDs and MRDs may illuminate fl ow dynamics of the velocity-zoned Croscat complex scoria cone conduit. In our scenario, the two domains mingle at the boundary between the two zones of the conduit with different ascent velocities. This boundary, given the lack of domains texturally and compositionally intermediate between MPD and MRD, was relatively sharp and hosted, at least locally, turbulent fl ow conditions, evidenced by the convoluted morphology of the domains. Physical mingling was driven by the velocity gradient occurring between the two domains and controlled by their strong rheological contrast, as related to the high solid fraction of MRDs (Fig. 4) .
The MPD/MRD volume ratio of erupted products refl ects the extent of the two domains at fragmentation as related to variable magma fl ow conditions, and is expected to be mainly controlled by conduit geometry (specifi cally the volume/surface ratio) and magma ascent velocity. In the Croscat complex scoria cone case, the dispersal and country-rock content of erupted products, which are proxies to changes in conduit size or shape, do not correlate with MPD/MRD. Conversely, MPD/MRD broadly correlates positively with another, independent measure of magma ascent velocity, i.e., bubble number density (Toramaru, 2006; Di Traglia et al., 2009) , supporting the notion that velocity changes during the eruption caused the observed upsection variations in MPD/MRD, which, in this case, acts as a magma fl ow speedometer.
The smooth variation of MPD/MRD in the eruption products points out equally smooth changes in magma fl ow conditions over the time scale represented by each of our samples, likely days to weeks. The fact that MPD/MRD varied smoothly irrespective of abrupt changes in eruptive style implies that the formation and mingling of the two domains occurred below the fragmentation zone, at a level deep enough not to be affected by external factors (e.g., contact with external water), but shallow enough to preserve the domains from mixing.
Strombolian to Violent Strombolian Transition and Eruption Monitoring Implications
The observed MPD/MRD trend indicates a rapid increase of magma ascent velocity during the Strombolian activity, peak velocity during the violent Strombolian phase, and a gradual velocity decrease until the end of the eruption.
Focusing on the Strombolian to violent Strombolian transition, we note that, despite the large difference in their intensity and style, peak magma ascent velocity, as recorded by MPD/MRD, was similar during the two phases, and also during the intervening phreatomagmatic activity. Violent Strombolian activity was driven by a batch of magma slightly less evolved and more volatile rich in comparison to that driving the earlier Strombolian one (Di Traglia et al., 2009 ). This volatile-rich magma exerted a strong buoyancy lift on the overlying, relatively gas-poor magma fi lling the conduit. The increasing magma ascent velocity during Strombolian activity could refl ect a combination of two factors: (1) the increasing buoyancy of the gas-charged magma as it ascended, magmastatic pressure decreased, and bubbles expanded; and (2) the progressive reduction of viscous resistance as the gas-poor magma column was evacuated, also favored by the decrease in the thickness of the microlite-rich, more viscous conduit lining (see Lautze and Houghton, 2007) . Even if accelerated to similar ascent velocities, the overlying magma drove moderate Strombolian activity due to its relatively low volatile content, in contrast with the underlying, volatile-rich magma that, reaching the surface, fueled violent Strombolian activity (Fig. 4) . Mingled textures occur in other violent Strombolian eruption products (Andronico et al., 2009; Pioli et al., 2008) , suggesting that the processes active during the Croscat complex scoria cone eruption may be common in complex basaltic explosive eruptions. Textural monitoring of pyroclasts during ongoing basaltic eruptions has already proved to be capable of identifying, and to some extent anticipating, increasing intensity of basaltic explosive activity (Taddeucci et al., 2002) . The Croscat complex scoria cone case provides an interpretative framework for previous cases. Moreover, our methodology allows MPD/MRD to be measured within a few hours after sample collection (see the Data Repository) and may be included in textural monitoring of basaltic volcanoes. Daily MPD/MRD measures could reveal fl uctuations in the magma ascent rate of ongoing eruptions, eventually heralding the arrival of gas-charged magma and the onset of more violent activity.
